restriction fragment length polymorphism (RFLP). No statistically significant differences were found in the genotype or allele distributions of either rs920778 or rs12826786 between glioma patients and controls, suggesting these SNPs are not associated with glioma risk. No significant associations were found between rs920778 variants and HOTAIR expression levels, while rs12826786 CT genotype was associated with increased intratumoral HOTAIR RNA levels when compared to TT genotype (p-value = 0.04). Univariate (Log-rank) and multivariate (Cox proportional) analyses showed both rs920778 CT and rs12826786 CT genotypes were significantly associated with longer overall survival of WHO grade III anaplastic oligodendroglioma patients. Our results suggest that HOTAIR SNPs rs920778 and rs12826786 do not play a significant role in glioma susceptibility, but may be important prognostic factors in anaplastic oligodendroglioma patients. Future studies are warranted to validate and expand these findings, and to further dissect the importance of these SNPs in glioma.
Introduction
The recent advent of new sequencing technologies and genome-wide analysis has indicated that the vast majority of the genome is transcribed into non-coding transcripts, and that only 2% of the genome accounts for protein-coding transcripts, highlighting the importance of better understanding the functions of non-protein coding genes [1, 2] . Among non-coding RNAs, those longer than 200 nucleotides-termed long non-coding RNAs (lncRNAs)-have emerged as highly attractive to cancer research due to their Abstract Abnormal expression of the long non-coding RNA HOX transcript antisense intergenic RNA (HOTAIR) is oncogenic in several human cancers, including gliomas. The HOTAIR single nucleotide polymorphisms (SNPs) rs920778 (C > T) and rs12826786 (C > T) present in the intronic enhancer and promoter regions of HOTAIR, respectively, are associated with expression, cancer susceptibility, and patient prognosis in some tumor types. However, the relevance of these HOTAIR SNPs has not been studied in glioma. Here, we report a case-control study comprising 177 Portuguese glioma patients and 199 cancer-free controls. All subjects were genotyped by PCR and ability to local or global regulation of gene expression via epigenetic, transcriptional or post-transcriptional mechanisms [3] . Indeed, several lncRNAs were found to have crucial roles in controlling cellular pathways and gene expression programs, thus impacting the oncogenic processes by presenting either oncogenic or tumor suppressive functions [4] . The HOX Transcript Antisense Intergenic RNA (HOTAIR) is a trans-acting lncRNA able to reprogram chromatin organization throughout the genome, as it is scaffold for the binding of Polycomb Repressive Complex (PRC2) in its 5′ domain, while interacting on the 3′ domain with LSD1/REST/CoREST complex [5, 6] . The oncogenic roles of HOTAIR have been extensively described in several tumor types, and its abnormal expression was associated with patient poor prognosis, tumor growth, aggressiveness, progression, recurrence, metastatic dissemination, invasion, and chemoresistance (reviewed in [7, 8] ).
Gliomas are the most frequent primary malignant tumors of the central nervous system in adults, and are divided in 2 main histological subtypes, including astrocytomas and oligodendrogliomas [9] . Astrocytomas represent the vast majority of all diagnosed gliomas (about 70%), and are graded from I to IV according to the World Health Organization (WHO) [10] . Glioblastoma (GBM; astrocytoma WHO grade IV) is the most frequent and lethal, accounting for more than 50% of all glial tumor types [11] , and is characterized by rapid growth and diffuse invasiveness of the adjacent brain parenchyma [10] . While presenting different molecular profiles resulting from distinct etiological mechanisms, no environmental factors have been firmly associated with the development of glioma, with exception of exposure to high-dose therapeutic radiation. Other putative causes may include familial aggregation, genetic syndromes, telomere maintenance and genetic polymorphisms [12] [13] [14] . The importance of inherited genetic variants in glioma risk has been highly addressed in both candidate-gene and genomewide association studies (GWAS) approaches, which revealed single nucleotide polymorphisms (SNPs) in cancer-related genes associated with glioma risk (e.g., TERT, EGF, EGFR, TGF-β1, CCDC26, CDKN2A/CDKN2B, PHLDB1 and RTEL1 [15] [16] [17] [18] ).
Although HOTAIR expression has been reported as crucial in the carcinogenic process of many cancer types, and its abnormal expression was associated with patient poor prognosis, tumor grade, growth and invasion, and as a putative therapeutic target in glioma [19] [20] [21] , few studies have focused on the significance of SNPs in HOTAIR affecting cancer risk [22] [23] [24] [25] [26] [27] [28] . Critically, no studies have evaluated the impact of HOTAIR SNPs in glioma risk and patient prognosis. In this context, we evaluated how previously described HOTAIR SNPs rs920778 and rs12826786 may associate with glioma susceptibility and patient prognosis.
Materials and methods

Study population
This case-control study comprised 177 Portuguese glioma patients from Hospital de Braga, Hospital de São João, and Hospital de Santo António, diagnosed between 2004 and 2015, and 199 cancer-free individuals randomly selected from blood donors as controls. All participants were of Caucasian ethnic background. Tumors were classified according to WHO grading system [29] , and clinicopathological data is summarized in Table 1 . The study was conducted according to institutional and European Union ethical standards, and all subjects ensured written informed consent to participate in research studies. 
SNP genotyping
Genomic DNA was collected from peripheral blood leukocytes by either proteinase K/chloroform/isopropanol treatment or Citogene ® DNA isolation kit (Citomed). HOTAIR SNPs rs920778 (C > T) and rs12826786 (C > T) were genotyped through PCR-based restriction fragment length polymorphism (RFLP). Fifty ng of DNA were used for PCR amplification with KAPA Taq DNA Polymerase (Kapa Biosystems). Primers sequences (following previous publications [22, 23] ) and PCR conditions are listed in Supplementary Table 1 . Ten μL of PCR product were enzymatically digested at 37 °C for 5 or 30 min with FastDigest MspI (Thermo Scientific, rs920778) or FastDigest BglII (Thermo Scientific, rs12826786), respectively. Digestion products were resolved in 4% agarose gel stained with GreenSafe Premium (Nzytech). For quality control, 20 cases were confirmed by Sanger Sequencing, and the reproducibility was 100%.
Intratumoral HOTAIR expression levels
Total RNA was collected from the available glioma tissues from patients from Hospital de Braga using TRIzol method (Invitrogen), and cDNA was synthesized using High Capacity cDNA Reverse Transcription kit (Applied Biosystems) according to the manufacturer's protocol. Gene expression levels were assessed by quantitative realtime PCR (qPCR; Kapa Biosystems) with the following set of primers: Sense-CAG TGG GGA ACT CTG ACT CG and Antisense-GTG CCT GGT GCT CTC TTA CC, and normalized to the expression of HPRT1 (Sense-TGA GGA TTT GGA AAG GGT GT; Antisense-GAG CAC ACA GAG GGC TAC AA).
Statistical analysis
Statistical analyses were performed using SPSS 21.0 (IBM SPSS Statistics, IBM ® ). The different allele and genotype frequencies in glioma patients and cancer-free controls were compared by Chi square test, and nonparametric Wilcoxon-Mann Whitney test was used to compare age and sex distributions between these groups. Hardy-Weinberg equilibrium was evaluated by Chi square test, comparing the expected and observed genotype frequencies of HOTAIR SNPs in control group. Linkage disequilibrium (LD) was calculated with the SHEsis program [30] . The intratumoral expression levels of HOTAIR were compared between genotypes using Mann-Whitney test. Odds ratio (OR) and 95% confidence intervals (CI) for assessing differences in risk and survival were calculated by univariate and a Cox multivariate logistic regression (adjusted for patient age and sex). Effect sizes were measured using Cohen's d values, and large effect sizes were considered for d ≥ 0.8 [31] . No multiple comparisons corrections were performed. Patients' overall survival was assessed by Kaplan-Meier survival curves, and the log-rank test was used to evaluate the differences. Statistical significance was considered for p-values < 0.05.
Results
Subject characteristics
A total of 376 Portuguese subjects (177 glioma patients and 199 cancer-free control individuals) were genotyped to determine possible associations between HOTAIR rs920778 and rs12826786 polymorphisms and glioma risk or prognosis. The clinicopathological features of the controls and cases are shown in Table 1 . Statistical analysis of age (controls: 27-85 years; gliomas: 20-83 years) and sex distribution between control and all glioma cases showed significant differences for age (p-value ≤ 0.001), but not for sex (p-value = 0.598; Table 1 ).
Allelic frequencies and genotype distributions of HOTAIR SNPs
The genotype and allele frequencies of HOTAIR rs920778 and rs12826786 polymorphisms in controls and glioma cases are shown in Table 2 . The frequencies of TT, CT, and CC genotypes of rs920778 were 45.2, 42.2, and 12.6% in cancer-free controls, and 46.3, 40.1, and 13.6% in glioma patients, respectively. The allelic frequencies of T allele were 66.3% for controls and 66.4% for glioma. Regarding rs12826786 polymorphism, the frequencies of CC, CT, and TT genotypes were 47.2, 42.2, and 10.6% in controls, and 47.5, 43.5, and 9.0% in glioma cases, respectively, being the C allele the most representative in the control group (68.3%) and in glioma patients (69.2%). The distribution of rs920778 and rs12826786 allele frequencies in the control group was in Hardy-Weinberg equilibrium (p-value = 0.750 and p-value = 0.935, respectively). Interestingly, these two polymorphisms were in strong linkage disequilibrium (D' = 0.94 and r 2 = 0.79) in our datasets.
Association between HOTAIR SNPs and glioma risk
To define whether there was significantly increased glioma susceptibility due to the presence of particular HOTAIR rs920778 and rs12826786 genotypes, univariate (data not shown) and multivariate (Table 2) analyses were performed in all glioma and GBM patients, the most frequent subtype in our series (n = 118). No significant associations between these polymorphic variants and the risk for developing 1 3 glioma or GBM were found (p-value > 0.05). As expected, in the multivariate analyses, increased age was associated with increased risk for developing glioma (OR 1.063; 95% CI 1.045-1.081) or GBM (OR 1.071; 95% CI 1.050-1.092; Table 2 ).
Association between HOTAIR SNPs and gene expression levels in glioma specimens
The expression of HOTAIR was evaluated in 34 glioma tumor tissues (freshly collected adequately for RNA analyses) to understand whether the rs920778 and rs12826786 SNPs may be associated with HOTAIR mRNA levels ( Fig. 1 ). For rs920778, there were no statistically significant differences between CC, TT and CT genotypes and HOTAIR expression (Fig. 1a) . In contrast, glioma subjects with the rs12826786 CT genotype had significantly higher tumor HOTAIR RNA levels than those with the TT genotype (Fig. 1b , p-value = 0.04).
Prognostic value of HOTAIR SNPs in glioma patients
We next investigated the association between these HOTAIR polymorphisms and patients' overall survival in WHO grade IV GBM (n = 69) and WHO grade III anaplastic oligodendroglioma tumors (n = 18) with available follow-up data.
No statistically significant associations were found between rs920778 or rs12826786 polymorphisms and survival of GBM patients both by univariate (log rank test p-value = 0.458 and p-value = 0.306, respectively) and multivariate analyses adjusted for patients' age and sex (Cox regression model p-values > 0.05; data not shown).
In contrast, univariate analyses for both SNPs in anaplastic oligodendroglioma patients showed that carriers of CT genotypes present longer overall survival than CC patients (p-value = 0.029 and p-value ≤ 0.001, for rs920778 and rs12826786, respectively; Fig. 2) or when compared to all other patients (CT vs CC + TT; p-value = 0.043 and p-value ≤ 0.001, for rs920778 and rs12826786, respectively; data not shown). Additionally for rs12826786, CT genotype patients also presented longer overall survival when compared to TT patients (p-value = 0.027; Fig. 2b ). Accordingly, Cox multivariate analysis showed that, for both SNPs, patients with the CT genotype present statistically significant longer overall survival than CC patients, independently of age and sex (p-value = 0.032 and p-value = 0.010, for rs920778 and rs12826786, respectively; Table 3 ). Moreover, for rs12826786, the CT genotype also conferred longer overall survival than TT genotype patients (p-value = 0.032; Table 3 ) or when compared to all other genotypes (p-value = 0.006; Table 3 ).
Discussion
The discovery of genetic factors associated with glioma susceptibility is required for a deeper understanding of this devastating disease, and to develop novel therapeutic approaches. HOTAIR is a known oncogenic lncRNA in several tumor types (reviewed in [7, 8] ) including gliomas [15] [16] [17] . The roles of HOTAIR have been widely reported Fig. 2 Effect of HOTAIR rs920778 and rs12826786 polymorphisms in the survival of WHO grade III anaplastic oligodendroglioma patients. Kaplan-Meier survival curves indicate that a patients with CT genotype (n = 9) in rs920778 locus of HOTAIR present statistically significant longer overall survival than patients carrying the CC genotype (n = 3; Log-rank test, p-value = 0.029), but not the TT genotype (n = 6; Log-rank test, p-value = 0.124). No statistically significant associations were found between the TT and the CC genotypes (p-value = 0.541). b Patients harboring the CT genotype (n = 9) in rs12826786 SNP have statistically significant longer overall survival than patients with the CC genotype (n = 7; Log-rank test, p-value ≤ 0.001) and the TT genotype (n = 2; Log-rank test, p-value = 0.032). No statistically significant associations were found between the TT and the CC genotypes (p-value = 0.866). Tick marks indicate censored data 1 3 in cancer, but epidemiological studies evaluating tumor susceptibility conferred by genetic polymorphisms in its locus have not been extensively assessed [18] [19] [20] [21] [22] . Indeed, to the best of our knowledge, the current study is the first to evaluate associations between HOTAIR SNPs (rs920778 and rs12826786) and glioma susceptibility and prognosis. We have analyzed a Portuguese population consisting of 177 glioma patients and 199 cancer-free controls. Our results showed that the allelic frequencies of HOTAIR SNPs rs920778 and rs12826786 were not significantly different between glioma patients and cancer-free controls. Importantly, for both polymorphisms, the genotypes frequencies in cancer-free controls are in agreement with those reported by the HapMap Project for subjects of European ancestry (HapMap-CEU, data not shown; http://hapmap.ncbi.nlm. nih.gov/). Considering risk assessments, our results showed no significant associations between HOTAIR rs920778 or rs12826786 and susceptibility for any WHO grade glioma. Previous studies on the contribution of rs920778 to gastric cancer in a Turkish population [25] also showed no differences between patients and cancer-free controls; however, studies in other tumor types testing the importance of rs920778 or rs12826786 in the Chinese population have shown different allele frequencies between patients and cancer-free controls [22] [23] [24] . It was also showed previously that rs920778 variants do not influence gastric cancer susceptibility [25] , whereas others have showed statistically significant associations between these SNPs and risk to develop gastric cardia adenocarcinoma [22] , esophageal squamous cell carcinoma (ESCC) [23] , breast cancer [26] [27] [28] or gastric cancer [24] . Such discrepancies might be attributed to the different genetic backgrounds of the studied populations, different sample sizes, and/or to the variety of tumor types analyzed. Indeed, the expression patterns, the regulatory mechanisms, and the functions of lncRNAs are highly tissue-specific [32] . Because SNPs differentially influence the regulation of lncRNAs [33] , in particular the SNPs in this study [22] [23] [24] , it is possible that these SNPs may present distinct relevance in the context of different tumor types. Since rs920778 and rs12826786 HOTAIR SNPs have been previously reported to be located in an intronic enhancer or in the promoter, respectively, we sought to understand if the different genotypes influence the expression levels of HOTAIR in glioma tissues. Our results showed that patients with the rs12826786 CT genotype presented increased intratumoral levels of HOTAIR, compared to TT genotype but not CC, whereas in rs920778 no differences were found. Previous reports showed increased levels of HOTAIR in TT homozygous patients with gastric cancer or gastric cardia adenocarcinoma for rs920778 [24] or rs12826786 [22] , respectively, again highlighting tumor type-specific roles of SNPs.
Given that HOTAIR expression is a known negative prognostic factor in glioma [19] , we evaluated the importance of rs920778 or rs12826786 genotypes in the overall survival of the glioma patients from our dataset. We did not find any associations between rs920778 and rs12826786 and overall survival for GBM patients (data not shown). Conversely, anaplastic oligodendroglioma patients presenting the CT genotype for rs920778 or rs12826786 had significantly longer overall survivals, both in univariate and ageand sex-adjusted multivariate analyses ( Fig. 2; Table 3 ). Interestingly, in our GBM dataset, the TT genotype is the least frequent (n = 5/69), and these patients presented a tendency for shorter overall survival in comparison to either CC or CT patients. Concordantly, a report in gastric cardia adenocarcinoma [22] has shown for the rs12826786 SNP that TT genotype is the least frequent and that these patients also present a tendency to shorter overall survival in comparison to CT or CC, while presenting no overall survival differences for CC or CT patients. It is important to highlight that our survival analyses are based on a small Fig. 2 ; Table 3 ). These findings suggest putative roles of these HOTAIR SNPs in the survival of anaplastic oligodendroglioma patients, warranting further validation by independent studies with larger datasets.
In conclusion, our findings add to the body of knowledge surrounding genetic polymorphisms as putative players affecting glioma risk or prognosis. We found that HOTAIR rs920778 and rs12826786 do not seem to play any major role in genetic susceptibility of glioma in the Portuguese population. In contrast, HOTAIR rs12826786 presents genotype specific effect on tumoral HOTAIR expression levels, and both SNPs showed prognostic significance in the Portuguese anaplastic oligodendroglioma population. Therefore, HOTAIR rs920778 and rs12826786 may be useful biomarkers to predict the outcome of WHO grade III anaplastic oligodendroglioma patients. Of note, these two SNPs were in strong linkage disequilibrium in the glioma population, which could partly explain the similar results obtained for both SNPs relating to risk and prognostic analysis. Further studies are required to validate and expand our results to populations with different genetic backgrounds to better understand the broader importance of these SNPs in gliomas. Taking advantage of genotyping projects (e.g., HapMap and the 1000genomes.org), it may be interesting to identify and study additional HOTAIR polymorphisms, which may have functional consequences and play a role in glioma pathophysiology.
